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ABSTRACT

Legumes are key components of several plant-based diets and are recognized as having a wide range of potential health benefits. Previous
systematic reviews and meta-analyses have summarized the evidence regarding different cardiometabolic outcomes, such as cardiovascular disease
(CVD) and type 2 diabetes (T2D), and legume consumption. However, those studies did not differentiate between nonsoy and soy legumes, which
have different nutritional profiles. The aim of the present updated review, therefore, was to summarize and meta-analyze the published evidence
regarding legume consumption (making a distinction between nonsoy and soy legumes) and cardiometabolic diseases. In addition, we reviewed
randomized clinical trials assessing the effect of legume consumption on CVD risk factors in order to understand their associations. The results
revealed a prospective, significant inverse association between total legume consumption and CVD and coronary heart disease risk, whereas a
nonsignificant association was observed with T2D and stroke. In the stratified analysis by legume subtypes, only nonsoy legumes were associated
with lower risk of T2D. Unfortunately, owing to the paucity of studies analyzing legumes and CVD, it was not possible to stratify the analysis for these
outcomes. Because of the high degree of heterogeneity observed for most of the outcomes and the few studies included in some analyses, further
prospective studies are warranted to determine the potential role of legume consumption on CVD and T2D. Adv Nutr 2019;10:S437–S450.
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Introduction
Legumes are the pods or fruits of plants that belong to the
botanical families Leguminosae or Favaceae, which include
soybeans, peanuts, green/dry beans and peas, chickpeas,
lentils, broad beans, alfalfa, clover, and lupine (1). The terms
“legumes” and “pulses” are used interchangeably, although
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they are not completely synonymous. According to the UN’s
FAO, the term “pulses” only refers to a subtype of legume
crops that are harvested merely for dry grain, such as lentils,
chickpeas, dry beans, and peas. By this definition, green
crops that are harvested for food (green beans, peas, etc.),
those used mainly for oil extraction (soybean, peanuts, etc.),
and those used for sowing purposes (clover, alfalfa, etc.) are
not pulses (2). Therefore, although all pulses are considered
legumes, not all legumes are considered pulses.

Legumes have long been recognized for their unique
nutritional profile. They are a good source of protein, fiber,
B vitamins, minerals (including magnesium and potassium),
and polyphenols, and they are also considered as a low-
glycemic-index food (3). At this point, it is worth mentioning
that soy legumes (soybeans) stand out from the rest owing
to their high fat and isoflavone content (4). Furthermore,
although peanuts from a botanical point of view are legumes,
they are frequently classified as nuts because their nutritional
composition is similar (5, 6).

Legumes are considered a beneficial part of traditional
plant-based diets around the world and dietary guidelines
from several organizations (7–9) recommend their consump-
tion owing to their nutritional profile and their wide range
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of potential health benefits. In fact, legume consumption
has been linked to a lower risk of cardiovascular disease
(CVD) (10) and some CVD-related factors, such as high
blood pressure (11), obesity (12), dyslipidemia (13), and
type 2 diabetes (T2D) (14). A recent summary of findings
from the latest systematic reviews, and meta-analyses that
examined the relation between legume consumption and
cardiometabolic health concluded that legumes could play
an important role in modifying cardiometabolic risk (15).
However, the evidence quality was considered moderate
for prospective cohort studies and low-to-moderate for
randomized clinical trials (RCTs). Moreover, this systematic
review of meta-analyses did not differentiate between soy and
nonsoy legumes, which clearly have a different nutritional
profile (4). Therefore, the main aim of the present updated
narrative review is to summarize the existing evidence
regarding legume consumption and cardiometabolic health,
differentiating between soy and nonsoy legumes and meta-
analyzing the information regarding T2D and CVD. Because
of their nutritional similarities with tree nuts, we did not
include studies that considered only peanuts as the main
exposure.

Literature search methods
A systematic search of the MEDLINE (PubMed) database
through to 10 October, 2017 was made to identify relevant
articles for the analyses of legume consumption, CVD out-
comes, and T2D risk. We updated the search strategy on 15
November, 2018. The complete search strategy is presented
in Supplemental Figure 1. Only prospective cohort studies,
conducted in adults, including total legumes and different
types of legumes (soy, pulses, and fresh legumes) as exposure,
with ≥1 y of follow-up, and with incidence of T2D, total
CVD, coronary heart disease (CHD), or stroke as outcomes
were included.

Supplemental Figure 2 shows the flow diagram of the
studies included in each meta-analysis.

For cardiometabolic risk factors (glucose metabolism,
lipid profile, adiposity and body weight, blood pressure, in-
flammation, and oxidation), a nonsystematic search of RCTs
was made in MEDLINE (PubMed). This search strategy may
have resulted in unintended selection bias. Nevertheless, all
authors made the literature search separately.

Statistical analyses
We carried out a meta-analysis of prospective cohort studies
to analyze the association between legume consumption
and the risk of CVD outcomes and T2D, following the
methodology described in the Cochrane Handbook for
Systematic Reviews of Interventions (16). We used the
generic inverse variance method with the fixed-effects model
(if <5 study comparisons were available) or the random-
effects model (if ≥5 study comparisons were available)
to pool the natural log-transformed RRs, HRs, and ORs.
We used the risk estimates comparing extreme categories
of legume consumption. Heterogeneity was estimated and
quantified using the Cochran Q statistic and I2 statistic.

Evidence of substantial heterogeneity was considered when
I2 > 50% at PQ < 0.10 (16). Data analysis was carried out
using Review Manager (RevMan) version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2014.

Current status of knowledge
Legume consumption and CVD risk.
Some prospective studies have found an inverse association
between legume consumption and CVD risk; however, others
have not replicated this finding (Supplemental Table 1). To
our knowledge, 2 recent meta-analyses of prospective studies
evaluating legume consumption and CVD risk (10, 17) also
revealed inverse associations. However, in the meta-analysis
by Marventano et al. (17), 1 of the studies included [Kokubo
et al. (18)] examined soy and isoflavone intake with the
risk of cerebral and myocardial infarctions, whereas in the
second study, the authors explored associations between bean
consumption and CVD mortality [Nagura et al. (19)]. In the
meta-analysis by Grosso et al. (10), legume consumption was
analyzed in relation to CVD outcomes including morbidity
and mortality. Taking this into consideration, we carried out
a meta-analysis of prospective cohort studies to evaluate the
association between legume consumption and CVD inci-
dence. Figure 1 shows the association between total legume
consumption (including soy and nonsoy) and CVD based
on the results of 4 prospective studies (20–23). Comparing
the highest categories of consumption with the lowest, the
meta-analysis found that the pooled risk estimate with the
inverse variance method using a fixed-effects model was 0.86
(95% CI: 0.80, 0.94), with no heterogeneity (I2 = 0%). These
results suggest that consumption of legumes may be effective
in reducing the risk of CVD, but this conclusion should be
interpreted with caution because it was derived from only 4
prospective studies. Randomized trials are needed before a
more definitive recommendation can be made. One recent
study of 15,482 patients with stable CHD (24) (Supplemental
Table 1) prospectively analyzed legume intake in relation to
major adverse cardiovascular events. It was not included in
the present analysis because extreme categories of legumes
consumption were not compared. Those authors observed
that the HR was 0.97 (95% CI: 0.92, 1.03) per 1-category
increase in legume consumption.

Legume consumption and CHD risk.
The association between legume consumption and risk
of CHD has been analyzed in several prospective studies
(Supplemental Table 2). A meta-analysis of 5 prospective
studies involving 6514 ischemic heart disease cases found
a 14% lower risk of total ischemic heart disease in the
highest legume consumption category compared with the
lowest (RR: 0.86; 95% CI: 0.78, 0.94; I2 = 0.2%) (25).
Similarly, in a more recent meta-analysis of 12 prospective
studies (7451 CHD cases), the comparison of the highest
with the lowest legume consumption category revealed an
inverse association between legume consumption and CHD
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FIGURE 1 Relation between legume consumption and total CVD incidence (comparing highest with lowest categories of consumption)
in 163,974 participants. Pooled risk was estimated with the inverse variance method, using fixed-effects meta-analyses. CVD,
cardiovascular disease.

(RR: 0.90; 95% CI: 0.84, 0.97), with moderate heterogeneity
(I2 = 34%) (17).

However, these meta-analyses included, among others,
studies that investigated legume consumption in relation
to CHD mortality (19, 26) and myocardial infarction (18)
and therefore their findings might mislead about the role
of legumes in reducing CHD risk. After excluding these
3 studies (Supplemental Table 2), the pooled analysis of 6
prospective cohort studies (8 study comparisons) (20, 21, 27–
30) showed a 9% risk reduction for a higher consumption
of legumes (RR: 0.91; 95% CI: 0.83, 1.00), with a moderate
degree of heterogeneity (I2 = 57%) (Figure 2). Therefore,
the results suggest that the consumption of legumes may be
effective in reducing the risk of CHD.

Legume consumption and risk of stroke.
Three meta-analyses have been conducted that analyzed the
association between legume consumption and risk of stroke,
but yielded no significant results (17, 25, 31). However,
those results were based not only on prospective studies
examining legume consumption in relation to stroke, but
also on studies that either assessed isoflavone intake, which
could reflect soy consumption (32), or examined legumes in
relation to death from stroke (19). For this review, therefore,
we have updated the analysis by excluding these prospective
studies and adding a recent study (23) (Supplemental Table
3). According to our findings, after pooling the results
from 6 studies (8 study comparisons) (18, 23, 33–36), the
consumption of legumes may not be effective in reducing
the risk of stroke (RR: 0.97; 95% CI: 0.86, 1.10) (Figure 3).
Notably, in a large prospective study, for each additional daily
serving of legumes an RR of 1.45 (95% CI: 1.06, 2.00) for
ischemic stroke was reported (34).

Legume consumption and risk of T2D.
Two cross-sectional epidemiological studies have analyzed
the association between legume consumption and risk of
T2D, with contradictory results that showed a significant
inverse relation (37) or no association at all (38).

Several prospective studies have analyzed the association
between legume consumption and T2D incidence but results
have been arguable. Although some authors observed an
inverse association, others reported a positive relation or
none at all (Supplemental Table 4). Two meta-analyses
of prospective studies show no apparent association, al-
though with a high degree of heterogeneity across studies
(25, 39).

In the most recent meta-analysis, 10 cohort studies
(12 study comparisons) were included with 26,778 T2D
incidence cases (39). The intake of legumes ranged from 0 to
190 g/d, and no significant association was observed when
comparing the highest and the lowest legume consumption
categories (RR: 0.96; 95% CI: 0.87, 1.05, I2 = 85%). In
that meta-analysis, for each additional 50 g/d of legume
consumption, an RR of 1.00 (95% CI: 0.92, 1.09) was reported
with 87% heterogeneity, and no evidence of a nonlinear dose-
response association was found. In addition, there was no
evidence of heterogeneity between subgroups in stratified
analyses except for an inverse association among younger
(<50 y of age) participants, with no evidence for small study
effects, although visual inspection of the funnel plot suggests
asymmetry.

This heterogeneity can be explained, in part, because some
studies included the consumption of all types of legumes,
others only soy or pulse consumption, and in some cases,
fresh legumes were not included. There is a great deal
of variation in the nutritional content between them, and
therefore, they probably do not have the same effect on T2D.
Other possible sources of heterogeneity were the populations
studied and the amount and type of legumes consumed in
each cohort analyzed.

In that meta-analysis, however, 3 prospective cohort
studies were not included (14, 40, 41). Therefore, in the
present study, we conducted an updated meta-analysis
including these 3 prospective studies in addition to those
already included in the previous meta-analysis. Furthermore,
we have analyzed this association separately for those studies
conducted on soy products and nonsoy legumes.
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FIGURE 2 Relation between total legume consumption and CHD (comparing highest with lowest categories of consumption) in
184,129 participants. Pooled risk was estimated with the inverse variance method, using random-effects meta-analyses. CHD, coronary
heart disease.

Figure 4 shows the relation between total legume con-
sumption (including soy, pulses, and fresh legumes) and T2D
incidence using the results of 13 cohort studies (18 study
comparisons) (14, 40–51). Comparing the highest with the
lowest categories of consumption, the pooled risk estimate
with the inverse variance method using the random-effects
model was 0.97 (95% CI: 0.89, 1.04), with a high degree of
heterogeneity (I2 = 80%). When we took into account the
estimates for nonsoy legume consumption (14, 42, 43, 45), a
significant inverse association was found (RR: 0.85; 95% CI:
0.75, 0.95) with moderate heterogeneity (I2 = 58%), using the
inverse variance method with the fixed-effects model (Figure

5; 4 studies). In contrast, a nonsignificant inverse association
was observed between soy and soy products (40, 45–48, 51)
and T2D (RR: 0.89; 95% CI: 0.75, 1.06), with a high interstudy
heterogeneity (I2 = 91%) [Figure 6; 6 studies (11 study
comparisons)]. This high degree of heterogeneity or the lack
of significance might be partly explained by differences in the
sources of the soy across the studies. For example, Morimoto
et al. (47) observed a substantially higher risk of T2D and
included vegetarian-meat products which are processed and
rich in salt and refined carbohydrate that might be linked
to the observed risk. In fact, the exclusion of this study
from this analysis changed the effect estimates (RR: 0.81;

FIGURE 3 Relation between total legume consumption and stroke (comparing highest with lowest categories of consumption) in
342,079 participants. Pooled risk was estimated with the inverse variance method, using random-effects meta-analyses.
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FIGURE 4 Relation between total legume consumption and type 2 diabetes incidence (comparing highest with lowest categories of
consumption) in 539,752 participants. Pooled risk was estimated with the inverse variance method, using random-effects meta-analyses.

95% CI: 0.67, 0.99; I2 = 83%). We can conclude therefore
that there is still no conclusive evidence to suggest that the
consumption of legumes is effective in reducing the risk of
T2D. On one hand, soy legumes seem to be protective against
T2D, after the removal of 1 study, despite the high degree of
interstudy heterogeneity. On the other hand, there is limited
evidence to suggest that nonsoy legume consumption, in the
context of a healthy dietary pattern, may reduce the risk
of T2D in healthy and older adults who are at high CVD
risk. Nonetheless, further prospective studies and large-scale
intervention studies are warranted to determine whether
legume consumption has beneficial effects on T2D risk.

Legume consumption and T2D complications.
To the best of our knowledge, no studies have evaluated
the effect of legume consumption on microvascular (such as
retinopathy or nephropathy) or macrovascular diabetic com-
plications. However, the European Prospective Investigation
into Cancer and Nutrition study examined the associations
of the consumption of vegetables, legumes, and fruit with all
cause-mortality and cause-specific mortality in individuals
with diabetes at baseline (52). From the cohort of 10,449
diabetics in that study, 1346 deaths occurred during the
follow-up period. Total legume consumption was inversely
associated with both all-cause mortality and CVD mortality.

FIGURE 5 Relation between nonsoy legume consumption and type 2 diabetes incidence (comparing highest with lowest categories of
consumption) in 135,205 participants. Pooled risk was estimated with the inverse variance method, using fixed-effects meta-analyses.
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FIGURE 6 Relation between soy legume consumption and type 2 diabetes incidence (comparing highest with lowest categories of
consumption) in 407,733 participants. Pooled risk was estimated with the inverse variance method, using random-effects meta-analyses.

Legumes and Cardiometabolic Risk Factors
Different risk factors that could act in concert, such as
glucose and lipid metabolism, adiposity, high blood pressure,
inflammation, and oxidative stress, are involved in the patho-
genesis of cardiometabolic diseases. Interventions focusing
on these risk factors and their corresponding underlying
conditions should be promoted to better understand their
effects on the prevention of T2D and CVD. Because of
their unique nutritional profile, legumes might be beneficial
for addressing important global health issues (Figure 7).
The management of all these cardiometabolic risk factors is
highlighted next, summarizing the evidence from RCTs.

Glucose metabolism
Several meta-analyses of RCTs have attempted to evaluate the
effect of legume consumption on glucose control markers but
have yielded inconsistent results depending on the type of
legume targeted. A meta-analysis of 41 RCTs (53) reported
that nonoil seeds have been found to improve medium- to
longer-term glycemic control markers, such as fasting blood
glucose (FBG), insulin, and glycosylated blood proteins
(glycated hemoglobin and fructosamine). Specifically, pulses,
eaten alone, decreased FBG [standardized mean difference
(SMD): −0.82; 95% CI: −1.36, −0.27] and insulin con-
centrations (SMD: −0.49; 95% CI: −0.93, −0.04). Pulses
as a part of low-glycemic-index diets lowered glycosylated
blood proteins (SMD: −0.28; 95% CI: −0.42, −0.14) with
no significant effects on FBG, insulin, and HOMA-IR. In
addition, pulses as a part of high-fiber diets decreased
glycosylated blood proteins (SMD: −0.27; 95% CI: −0.45,
−0.09) and FBG (SMD: −0.32; 95% CI: −0.49, −0.15). It
is noteworthy that the results of that meta-analysis showed
a high degree of heterogeneity among studies, which was
not explained in most of the reports. This highlights the

need for well-designed long-term RCTs. Subsequent to that
publication, several RCTs with crossover or parallel designs
have been published that evaluated the acute (54–58) or
chronic (59–67) effects of nonsoy legume consumption on
glucose control markers, which could change the pooled
risk estimates of the meta-analysis. Most of them, although
not all (62–67), reported similar results to those of the
previous meta-analysis, showing a favorable effect on FBG
(54, 61), insulin concentrations (61), glycemic (54–58, 60)
and insulinemic response (55, 58), glycated hemoglobin (59,
60), and HOMA-IR AUC (60).

In contrast, soy consumption seems not to affect glycemic
control markers. A meta-analysis of 24 RCTs (68) reported
no effect of soy food consumption (merging isoflavone
extracts only, isolated proteins with isoflavones, or whole
soy diets) on improvements in fasting glucose (P = 0.16) or
insulin concentrations (P = 0.50). However, in the subgroup
analysis, diets mainly based on whole soy foods significantly
reduced fasting glucose concentrations (−3.85 mg/dL; 95%
CI: −5.28, −2.41 mg/dL; P = 0.003), whereas studies
that used purified isoflavones (P = 0.35) or isolated soy
proteins (P = 0.57) did not show any significant effect.
Nonetheless, RCTs published subsequently did not support
the results of this meta-analysis. A reduction in fasting
glucose concentrations was observed after the consumption
of soy nuts and a macronutrient-matched control snack
bar in adults who were at cardiometabolic risk, although
a greater reduction was achieved after the control snack
consumption (69). Moreover, FBG did not reduce after soy
nut consumption in postmenopausal women with or without
metabolic syndrome (MetS) compared with a control diet
without soy (P = 0.35 and 0.26, respectively) (70). Similarly, a
diet containing soy nuggets, burgers, desserts, and soy-based
drinks did not reduce FBG, insulin, or HOMA compared
with a control diet containing animal food (71).
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FIGURE 7 Effects of nonsoy and soy legumes on cardiometabolic risk factors. (+), Improvement; (NE), No enough evidence; (?), Unclear.

There are different possible mechanisms by which nonsoy
legumes and whole soy foods could improve glucose control
markers. Nonsoy legumes are a good source of slowly
digested carbohydrates (72). This characteristic might be
attributable to the high content of resistant starch, which
seems to have a high amylose:amylopectin ratio compared
with other starchy foods (1, 72). That property together
with the high fiber content of nonsoy legumes (4) reduce
the glycemic index of the diet and may explain the health-
promoting effects on glucose control markers. It is important
to highlight that the nutritional profile of soy legumes
differs from that of nonsoy legumes in terms of fat, protein,
carbohydrate, and isoflavone content (4). The disparity in
results between whole soy foods and isolates of soy protein
or isoflavones suggests that other soy legume components
or their interactions might explain the favorable effects of
consumption of whole soy foods on glycemic control markers
(68). However, there are few RCTs that have examined the
effect on glycemic control of soy legume components other
than isoflavones or proteins, which hinders the ability to draw
solid conclusions about the possible components implicated
in the improvement of glucose control.

Lipid profile
So far, 3 meta-analyses of RCTs have evaluated the effect of
nonsoy legume consumption on changes in lipid profile and
have shown consistent results in terms of LDL-cholesterol
reduction (13, 73, 74). In the most recent meta-analysis
(13) of 26 RCTs involving 1037 participants in which diets
emphasized ∼1 serving of pulses per day (median dose of
130 g/d) compared with control diets, concentrations of LDL
cholesterol were found to have reduced by −0.17 mmol/L
(95% CI: −0.25, −0.09 mmol/L). However, no effect was

reported on apoB and non–HDL-cholesterol concentrations.
Importantly, most of the trials were considered to be of
low quality and there was a high degree of interstudy
heterogeneity (I2 = 80%), which was not explained after dif-
ferent subgroup analyses. A 5% reduction in LDL-cholesterol
concentrations found in that meta-analysis suggests that
pulse consumption might reduce the risk of major vascular
events by 5–6% (13). Subsequently, a few RCTs have been
published that have evaluated the effect of nonsoy legumes
on lipid profile. In a crossover RCT involving 46 healthy
females, a diet that incorporated kernel-based barley prod-
ucts, chickpeas, and brown beans significantly reduced the
concentrations of total and LDL cholesterol compared to a
control diet with a similar macronutrient content but without
legumes and barley (P = 0.01 and P = 0.0029, respectively)
(66). Similarly, in 31 diabetic participants, an intervention
focused on substituting 2 servings of red meat with legumes
3 d/wk compared with a legume-free diet. Results found that
the concentrations of TGs (P = 0.04) and LDL cholesterol
significantly reduced (P = 0.02) (61). In contrast, in another
crossover RCT with first-degree relatives of patients with
diabetes, a legume-enriched diet (pinto beans and lentils) did
not improve lipid profiles compared to a control diet that
followed healthy dietary recommendations (63). It is possible
that the healthy recommendations given to the control group
in that study limited the ability to detect differences between
the study interventions.

Soy consumption also seems to have a beneficial role
on lipid profile. A meta-analysis of 35 RCTs (75) showed
that soy products significantly reduced LDL-cholesterol
(−4.83 mg/dL; 95% CI: −7.34, −2.31 mg/dL), TG
(−4.92 mg/dL; 95% CI: −7.79, −2.04 mg/dL), and total
cholesterol concentrations (−5.33 mg/dL; 95% CI: −8.35,
−2.30 mg/dL). Moreover, concentrations of HDL cholesterol
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increased by 1.40 mg/dL (95% CI: 0.58, 2.23 mg/dL). How-
ever, a high degree of interstudy heterogeneity (ranging from
92% to 99%) was reported in all the analyses. In the subgroup
analyses, whole soy products (soy milk, soybeans, and soy
nuts) reduced LDL cholesterol to a greater extent than soy
extracts or supplements. Also, the hypolipidemic effects of
soy products were more pronounced in hypercholesterolemic
patients than in healthy subjects (75). To the best of our
knowledge, only 2 RCTs have evaluated the effect of soy
on lipid profile since the publication of that meta-analysis.
Compared with a control diet containing animal foods, a soy
diet (including soy nuggets, burgers, desserts, and drinks)
significantly reduced total cholesterol, LDL cholesterol,
and non–HDL cholesterol by 4.85%, 5.25%, and 7.14%,
respectively, in 53 subjects (71). Similarly, in postmenopausal
women with MetS, soy nut consumption reduced total
cholesterol and HDL cholesterol compared with a control
diet without soy products, whereas no effect was observed in
those without MetS. Soy nut intervention did not affect LDL
or HDL cholesterol in either subgroup of participants, with
or without MetS, compared with the control group (70).

Nonsoy legumes contain soluble fiber, which might
explain the observed hypocholesterolemic effects. It has
been demonstrated that viscous fiber reduced total and
LDL cholesterol (76). The exact mechanism is not yet
well understood, but it might be related to the ability of
soluble fiber to increase bile acid excretion. The binding
of soluble fiber to bile acids within the intestine prevents
their reabsorption (77–79). As a consequence, the liver
increases the production of bile acids, leading to a re-
duction in the hepatic pool of cholesterol, which in turn
increases cholesterol uptake from the blood, resulting in
a reduction of circulating concentrations of cholesterol
(80, 81). Furthermore, the fermentation of viscous fiber
by colonic bacteria generates different SCFAs (propionate
and butyrate), which might inhibit the hepatic production
of cholesterol (82, 83). Other nonsoy legume components,
such as phytosterols (84, 85) and saponins (86, 87), might
also be responsible for the reduction of LDL-cholesterol
concentrations, although evidence of that is much more
limited.

The hypocholesterolemic effect of soy foods might be
attributed to soy proteins, as it has been supported by several
meta-analyses (88–91). However, soy protein and isoflavones
interact in a complex manner, and therefore the exact mecha-
nism by which soy protein favorably affects lipid metabolism
is not yet well understood (92). It seems that soy protein
might decrease the expression of sterol regulatory element
binding protein-1 in the liver, which in turn reduces the
expression of genes of enzymes implicated in the biosynthesis
of fatty acids (92). Also, soy protein contains a globulin
fraction that might regulate the homeostasis of cholesterol,
as has been demonstrated in vitro in Hep G2 cells (93). In
turn, isoflavones might increase the clearance of cholesterol
through the stimulation of sterol regulatory element binding
protein-2, which increases the expression of the LDL receptor
(92). Moreover, because of their similarities with estrogens,

isoflavones might exert their lipid-lowering effects by binding
to estrogen receptors (94). Other constituents of soy, such as
lecithin, saponins, or soluble fiber, might act independently
or synergistically with soy proteins in producing a reduction
in blood cholesterol concentrations (94, 95).

Adiposity and body weight
Two meta-analyses of RCTs have evaluated the effect of
nonsoy legume consumption on body weight. In one,
consumption of pulses did not have any significant effect
on body weight (74). However, in the most recent meta-
analysis, which included 21 RCTs involving 940 participants,
consumption of 132 g/d of pulses reduced body weight
by −0.34 kg (95% CI: −0.63, −0.04 kg) compared with
diets without the pulse intervention, showing a low degree
of between-study heterogeneity (I2 = 9%) (12). In the
stratification analyses, pulse consumption reduced body
weight not only under conditions of negative-energy balance
but also under neutral energy balance. The study reported
no effects of pulse consumption on body fat and waist
circumference. To the best of our knowledge, no RCTs have
since been published in this field.

Only 1 meta-analysis of 24 RCTs has been conducted that
evaluated the effect of soy food consumption on body weight
and other obesity-related variables (96). Results showed that
soy consumption did not have any effect on body weight,
waist circumference, or fat mass. Interestingly, subgroup
analyses revealed that when soy was compared with meat,
body weight increased in obese subjects at consumption of
≥40 g soy protein/d. In contrast, soy reduced waist circum-
ference in women at quantities of <40 g soy protein/d and in
older subjects. When the analysis focused on soy isoflavones
(17 RCTs), results showed a nonsignificant decrease in
BMI, although in the subgroup analyses the reduction was
significant at amounts of <100 mg/d and in intervention
periods of between 2 and 6 mo. No effects of isoflavones
on waist circumference or fat mass were reported. As far as
we know, only 1 RCT has been published since that meta-
analysis. The results showed that, compared with a control
diet containing animal foods, a soy-based diet (nuggets,
burgers, desserts, and drinks) reduced weight (P = 0.005)
and BMI (P = 0.05) after adjusting for age and sex. However,
no differences were observed for abdominal adiposity (waist
circumference, bioelectrical impedance analysis, and visceral
fat rating) (71).

The mechanism by which nonsoy legume consumption
promotes weight loss may be due to their satiating properties
(97) from their high fiber and protein content and their low
glycemic index. Fiber can induce satiety through different
pathways (98, 99): 1) by increasing intraluminal viscosity,
which leads to a reduction in the rate of gastric emptying
and macronutrient absorption; 2) by reducing the rate
of digestion and promoting gastric distention due to the
required effort of chewing; 3) by affecting the secretion
of gut hormones; and 4) by producing SCFAs (propionate,
butyrate, and acetate) derived from its fermentation by
colonic bacteria. Low-glycemic-index foods can slow rates
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of digestion and absorption and, as a consequence, the
gastrointestinal tract receptors are stimulated for longer,
triggering signals of fullness (100). Finally, proteins have
been shown to have a higher satiety effect than carbohydrates
and fats. Although the exact mechanism remains to be
elucidated, it seems to be related to their higher thermogenic
effect compared with the other macronutrients (101).

Blood pressure
Only 1 meta-analysis of RCTs has been published to date
that has evaluated the effect of nonsoy legume consumption
on blood pressure (11). The analysis included 8 isocaloric
trials, involving 554 participants. Results showed that pulses
significantly reduced systolic (−2.25 mm Hg; 95% CI: −4.22,
−0.28 mm Hg) and mean arterial blood pressure (−0.75 mm
Hg; 95% CI: −1.44, −0.06 mm Hg), although no effect was
observed on diastolic blood pressure. The results of that
meta-analysis should be viewed with caution because of
the low quality of the included studies as well as the high
degree of interstudy heterogeneity for all the outcomes that
remained unexplained after several subgroup analyses. Two
subsequent crossover RCTs (61, 63) have been published
in this field, which might change the effect estimates of
the meta-analysis because both showed no greater effect of
nonsoy legumes compared to a control group.

Several meta-analyses that have evaluated the effect of
different soy constituents (isoflavones and proteins) on blood
pressure levels (102–104) have shown a potential beneficial
effect. However, it is important to point out that only 1
meta-analysis has evaluated the effect of soy consumed as
a whole food on blood pressure, focusing exclusively on
soy nuts (105). Results showed that this type of soy food
did not have any blood pressure–lowering effect. There is
little evidence regarding intake of soy legumes as a whole
and blood pressure. In 253 postmenopausal women with
prehypertension or untreated hypertension, soy flour did not
reduce 24-h ambulatory blood pressure in comparison with
low-fat milk (106). In contrast, soy nuts significantly reduced
both systolic and diastolic blood pressure in postmenopausal
women without MetS. These reductions were only significant
for diastolic blood pressure in those with MetS, whereas
no effect was observed for systolic blood pressure (70).
Similarly, a diet containing soy-based products such as
nuggets, burgers, drinks, and desserts did not reduce systolic
or diastolic blood pressure in comparison with a control diet
containing animal food (71). Further studies using whole soy
alone as an option, instead of isoflavones or proteins, are
needed to better determine the possible effects of whole soy
food consumption on blood pressure.

Different possible mechanisms may explain the blood
pressure–lowering effects of nonsoy legumes. Evidence from
population-based studies and RCTs suggests that an increase
in protein consumption at the expense of carbohydrates
consistently reduces blood pressure (107). On the other hand,
dietary fiber has also been associated with reduced systolic
and diastolic blood pressure in several meta-analyses (108,
109). Furthermore, it seems that protein and fiber might

have an additive effect on lowering blood pressure (107).
Nonsoy legumes are also rich in different minerals, such as
magnesium and potassium, which have been associated with
a reduction in blood pressure (110, 111).

Inflammation
One meta-analysis of 8 RCTs (112) has evaluated the effect
of nonsoy legume consumption on peripheral levels of C-
reactive protein (CRP), which is considered an important
systemic marker of inflammation and a risk factor for CVD
(113, 114). The results showed a nonsignificant reduction
in CRP concentrations with nonsoy legume consumption
(Mean difference (MD): −0.21; 95% CI: −0.44, 0.02; P =
0.068). Importantly, the interstudy heterogeneity was high
(I2 = 81.7%) and remained unexplained in the subgroup
analysis based on study design (parallel or crossover).
However, the exclusion of 1 study (115) led to significant
changes in the overall pool estimates (−0.32; 95% CI: −0.58,
−0.06), although the high degree of interstudy heterogeneity
remained unexplained (I2 = 76.8%). There is little data
on nonsoy legume consumption and other inflammatory
markers, such as IL-6, and analyses are contradictory. In
30 obese subjects, no differences in IL-6 were observed
after comparing a legume-enriched hypocaloric diet (lentils,
chickpeas, peas, or beans) with a legume-restricted diet
(P = 0.937) (65). Similarly, in 26 first-degree relatives of
diabetics, a nonsignificant trend toward reduction in IL-6
concentrations was observed in those individuals following
the legume regimen (4 servings/wk of pinto beans or
brown lentils) compared with those following only healthy
dietary recommendations (P = 0.06) (116). In contrast, in
overweight and diabetic adults, the replacement of red meat
with lentils, chickpeas, peas, and beans 3 d/wk significantly
reduced IL-6 and TNF-α compared with a legume-free diet
(P = 0.018) (117). Moreover, in another RCT, an evening
meal consisting of brown beans lowered IL-6 and IL-18 at a
subsequent standardized breakfast within a time frame of 11–
14 h, compared with a meal consisting of white wheat bread
(P < 0.05) (58).

Evidence regarding RCTs that have evaluated the effect
of soy consumption on CRP concentrations is also poor.
One meta-analysis of RCTs was published in 2011, which
evaluated the effect of soy foods on CRP in postmenopausal
women (118). The main pool estimate showed a nonsignif-
icant reduction in CRP when soy isoflavone and soy food
interventions were considered together. In the subgroup
analyses, neither isoflavone extracts (n = 6) nor whole
soy foods (n = 8) lowered CRP concentrations. Four
subsequent RCTs have been published that evaluated the
effect of whole soy foods on inflammatory markers. In
21 hypercholesterolemic participants, soy beverage or soy
bread did not reduce CRP concentrations (119). Similarly, an
intervention based on soy nuts, compared with an energy-
matched snack bar, did not lower concentrations of CRP,
TNF-α, IL-6, IL-18, or IL-10 (69). A soy intervention diet
also showed no effect on CRP concentrations compared
with a control diet including animal food (P = 0.59) (71).
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However, in postmenopausal women with and without MetS,
soy nuts reduced concentrations of circulating CRP (70).
Further studies are warranted in order to determine the role,
if any, of soy on inflammation.

Several constituents of nonsoy legumes can explain the
potential beneficial effects observed on CRP concentrations.
For instance, dietary fiber has been inversely associated
with different inflammatory markers such as IL-6 (120),
which regulates CRP concentrations (121). Although the
exact mechanisms are unclear, its beneficial effect on IL-
6 is thought to be as a result of its ability to reduce
hyperglycemia, because it has been demonstrated in vitro
that under this condition the secretion of IL-6 is enhanced
(122). Low-glycemic-index diets have also been associated
with lower concentrations of CRP (123, 124). Furthermore,
as stated before, nonsoy legumes reduce body weight, and the
beneficial effect of weight loss on markers of inflammation
has previously been reported (125, 126).

Oxidation
The few RCTs that have assessed the effect of nonsoy
legume consumption on markers of oxidation suggest a
beneficial effect. In 66 men with coronary artery disease, an
intervention based on whole-grain and legume powder, as
replacement foods for refined rice, showed beneficial effects
on lipid peroxidation, reducing plasma malondialdehyde
and urinary 8-isoprostane F2α by 28% (127). Moreover,
a hypocaloric nonsoy legume–enriched diet given to 30
obese subjects, which included 4 servings/wk, significantly
reduced concentrations of plasma-oxidized LDL (P = 0.039),
malondialdehyde, and urinary 8-isoprostane F2α, compared
with an energy-restricted diet without legumes (128). In
agreement with that, in subjects with T2D, the replacement
of 2 servings of red meat 3 times/wk with nonsoy legumes
reduced concentrations of oxidative stress markers, such as
malondialdehyde and oxidized-LDL, and increased nitric
oxide and catalase activity compared with a nonsoy legume–
based diet (129).

Evidence regarding soy consumption and oxidative stress
is also poor. In 20 hypercholesterolemic adults, a soy-based
intervention (including bread and beverages) reduced the
lipid oxidative stress capacity (P ≤ 0.05) (119). In another
RCT, soybean consumption had a gender-specific effect on
oxidative stress. The daily consumption of 2 g/kg of body
weight of soybeans reduced advanced oxidation protein
products in women, but not in men. Interestingly, an increase
in the lipid peroxidation marker, thiobarbituric acid reactive
substances, was observed in men. Furthermore, no effects
on carbonyl stress markers were found in either gender
(130). Also, in participants with T2D and nephropathy,
concentrations of malondialdehyde did not significantly
change after an intervention based on soy milk rather than
cow milk (131). It should be noted that malondialdehyde
and thiobarbituric acid reactive substances are thought to be
nonspecific markers of lipid peroxidation.

Although further research is needed in this area, there
are plausible mechanisms by which soy and nonsoy legume

consumption may potentially improve oxidative stress. The
high phenolic content of legumes is thought to be one of the
main contributors to their antioxidant capacity (132). Other
properties, such as their low glycemic index or high fiber
content, may also contribute to the improvement of oxidative
stress (133, 134).

Conclusions
In this narrative review and meta-analysis, we have focused
on prospective studies that have examined the associations
between nonsoy and/or soy and cardiometabolic outcomes.
Results highlight the potential beneficial effect of legume
consumption on CVD and CHD risks but there were also
associations for T2D and stroke, although not statistically
significant. In the stratified analysis of legume subtypes, only
nonsoy legumes were significantly associated with lower risk
of T2D. Soy was not associated with T2D, although the
effect estimates became significant after the removal of 1
study. Owing to the significant evidence of heterogeneity, and
taking into account the few available studies in this field,
large and long-term epidemiological studies are still needed
to determine the long-term impact of legume consumption
on CVD and T2D.
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